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1
METHOD FOR FABRICATING MEMORY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional application of and claims
the priority benefit of U.S. application Ser. No. 16/408,214,
filed on May 9, 2019, now allowed. The entirety of the
above-mentioned patent application is hereby incorporated
by reference herein and made a part of specification.

BACKGROUND
1. Field of the Invention

The present invention generally relates to semiconductor
fabrication, and particularly to a memory device and method
for fabricating the memory device.

2. Description of Related Art

The non-volatile semiconductor memory has been very
widely used to store data permanently as the digital infor-
mation produced by various digital electronic apparatus,
such as camera, video apparatus, mobile phone, flat com-
puter, computer system, . . . , and so on. The non-volatile
semiconductor memory has been a very popular tool to store
a large amount of information.

The digital information is produced more and more in
daily life due to the great development of digital electronic
apparatus, in an example. So, the memory with large storage
capability is really intended. In this situation, the cell size of
memory is then needed to be reduced, so to increase the
storage capability while the actual volume of the memory
may also be reduced for easy carrying. In addition, the
performance of the memory cell may get worse, while the
cell sized is reduced, in which the memory cell may lose the
data as store, or even cannot correctly store the data as to be
stored.

As the development on designing the non-volatile
memory cell, two-transistor (2T) SONOS memory cell has
been proposed, in which SONOS represents a stack of
silicon-oxide-nitride-oxide-silicon. For the 2T SONOS
memory cell, it includes a selection gate structure and a
memory gate structure. The gate insulating layer for the
selecting gate structure is a usually dielectric layer. A
memory stack for the storage gate structure includes a
structure of ONO (oxide-nitride-oxide) for keeping charges
so to store the bit data.

How to design the 2T SONOS memory cell to improve
the performed is still an issue in further development.

SUMMARY OF THE INVENTION

The invention provides a structure of memory device and
method for fabricating the memory device. The memory
device may include 2T SONOS memory cell. An isolation
capability between the two gate structures, such as selection
gate and the storage gate may be improved.

In an embodiment, a structure of memory device is
provided. The structure of memory device includes a first
gate structure, disposed on a substrate, wherein the first gate
structure is for storing charges. In addition, a second gate
structure is disposed on the substrate. An insulating layer is
in contact between the first gate structure and the second
gate structure. An isolation structure integrated with the
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2

insulating layer is between the first gate structure and the
second gate structure and at a top portion of the first gate
structure and the second gate structure. The isolation struc-
ture provides an isolation distance between the first gate
structure and the second gate structure.

In an embodiment, as to the structure of memory device,
the first gate structure comprises: a charge storage layer on
the substrate and a control gate on the charge storage layer.
The second gate structure comprises a gate insulation layer
on the substrate and a selection gate on the gate insulation
layer.

In an embodiment, as to the structure of memory device,
the charge storage layer of the first gate structure comprises
a structure of oxide-nitride-oxide (ONO).

In an embodiment, as to the structure of memory device,
the isolation structure is a shallow indent isolation above the
insulating layer and horizontally extends into the first gate
structure and the second gate structure.

In an embodiment, as to the structure of memory device,
the first gate structure and the second gate structure have an
indent space above the insulating layer. The shallow indent
isolation comprises a liner layer on a surface of the indent
space and a dielectric layer on the liner layer to fill the indent
space.

In an embodiment, as to the structure of memory device,
the memory device further comprises a silicide layer on a top
of the second gate structure.

In an embodiment, as to the structure of memory device,
the isolation structure is at a peripheral top region of the first
gate structure, extending from the insulating layer inward to
the first gate structure.

In an embodiment, as to the structure of memory device,
the insulating layer comprises a first insulating layer at a
bottom portion of a sidewall of the first gate structure under
the isolation structure and a second insulating layer merging
with the isolation structure on the sidewall of the first gate
structure. The second insulating layer comprises a first
portion covering the first insulating layer, and a second
portion merged with the isolation structure covering on the
peripheral top portion of the first gate structure.

In an embodiment, the invention also provides a method
for fabricating memory device. The method comprises form-
ing a cell structure on a substrate, wherein the cell structure
comprises a first gate structure and a second gate structure
disposed on a substrate and an insulating layer in contact
between the first gate structure and the second gate structure,
wherein the first gate structure and the second gate structure
are planarized and the first gate structure is for storing
charges. Further, the first gate structure and the second gate
structure are patterned to have a shallow indent above the
insulating layer. An isolation structure is in the shallow
indent to have a shallow indent isolation.

In an embodiment, as to the method for fabricating
memory device, the step of forming the isolation structure
comprises forming a liner layer on a sidewall and a bottom
of the shallow indent and forming an isolation layer to
further fill the shallow indent.

In an embodiment, as to the method for fabricating
memory device, the method further comprises forming a
silicide layer on a top the second gate structure.

In an embodiment, as to the method for fabricating
memory device, the first gate structure comprises a charge
storage layer on the substrate and a control gate on the
charge storage layer. The second gate structure comprises a
gate insulation layer on the substrate and a selection gate on
the gate insulation layer.
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In an embodiment, as to the method for fabricating
memory device, the charge storage layer of the first gate
structure has a structure of oxide-nitride-oxide (ONO).

In an embodiment, as to the method for fabricating
memory device, forming the cell structure comprises form-
ing an oxide layer on the substrate. In addition, a first-stage
first gate structure is formed, having a charge storage layer
with a portion of the oxide layer on the substrate, a first
polysilicon layer on the charge storage layer, a dielectric
layer on the first polysilicon layer, a second polysilicon layer
on the dielectric layer, and a sidewall insulating layer on a
sidewall of the first polysilicon layer, the dielectric layer and
the second polysilicon layer. A third polysilicon layer is
formed over the first-stage first gate structure and the oxide
layer on the substrate. The third polysilicon layer, the
sidewall insulating layer and the second polysilicon layer are
polished until the dielectric layer is exposed. The second
polysilicon layer and the third polysilicon layer are patterned
to have the first gate structure and the second gate structure,
abutting to each other but isolated by the sidewall insulating
layer. The first gate structure, the sidewall insulating layer,
and the second gate structure are patterned to have a shallow
indent above the sidewall insulating layer, wherein the
sidewall insulating layer becomes the insulating layer in
contact between the first gate structure and the second gate
structure. The shallow indent isolation is formed in the
shallow indent.

In an embodiment, as to the method for fabricating
memory device, the step of forming the shallow indent
isolation comprises forming a liner layer on a sidewall and
a bottom of the shallow indent and forming a dielectric layer
to further fill the shallow indent.

In an embodiment, the invention also provides a method
for fabricating memory device. The method comprises form-
ing an oxide layer on the substrate In addition, a first-stage
first gate structure is formed on the substrate, having a
charge storage layer with a portion of the oxide layer on the
substrate, a first polysilicon layer on the charge storage
layer, a dielectric layer on the first polysilicon layer, and a
second polysilicon layer on the dielectric layer. A first
insulating layer is formed on a sidewall of the first-stage first
gate structure but lower than the dielectric layer to expose a
top side portion of the first polysilicon layer. A second
insulating layer is formed on the sidewall of the first-stage
first gate structure. An isolation structure is also formed,
laterally extending from the second insulating layer into the
first polysilicon layer at the exposed top side portion. A third
polysilicon layer is formed over the first-stage first gate
structure and the oxide layer on the substrate. The third
polysilicon layer, the second insulating layer and the second
polysilicon layer are polished until the dielectric layer is
exposed, wherein the first-stage first gate structure becomes
a first gate structure. The third polysilicon layer is patterned
to have a second gate structure having the oxide layer on the
substrate, adjacent to and isolated from the first gate struc-
ture by the first insulating layer and the second insulating
layer with the isolation structure.

In an embodiment, as to the method for fabricating
memory device, the step for forming the second insulating
layer comprises performing a thermal oxidation process to
form an oxide layer on the sidewall of the first-stage first
gate structure, wherein the exposed side portion of the first
polysilicon layer is also oxidized to have the isolation
structure.

In an embodiment, as to the method for fabricating
memory device, the step for forming the second insulating
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layer further comprises forming a nitride layer at a side
portion in contact with a sidewall of the second gate struc-
ture.

In an embodiment, as to the method for fabricating
memory device, the charge storage layer comprises a struc-
ture of oxide-nitride-oxide (ONO).

In an embodiment, as to the method for fabricating
memory device, the method further comprises forming a
silicide layer on a top of the second gate structure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1 is a drawing, schematically illustrating a cross-
sectional structure of a 2T SONOS memory device as to be
looked into in the invention.

FIG. 2A to FIG. 2I are cross-sectional views, schemati-
cally illustrating the process flows for fabricating a memory
device, according to an embodiment of the invention.

FIG. 3A to FIG. 3D are cross-sectional views, schemati-
cally illustrating the process flows for fabricating a memory
device, according to an embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

The invention is directed to a structure of memory device
and method for fabricating the memory device. The memory
device may be a 2T SONOS memory device. An isolation
capability between the two gate structures, such as selection
gate and the storage gate may be improved. In this situation,
breakdown of the memory device may be effectively
reduced by improve the isolation effect at the top regions
between the two gate structures.

Several embodiments are provided for describing the
invention but the invention is not just limited to the embodi-
ments as provided. Further, some of the embodiments as
provided may be properly combined into another embodi-
ment.

The invention has looked into the memory device with a
structure of 2T SONOS memory cell and addresses at least
an issue. FIG. 1 is a drawing, schematically illustrating a
cross-sectional structure of a 2T SONOS memory device as
to be looked into in the invention.

Referring to FIG. 1, a structure of 2T SONOS memory
cell is taken in the invention to look into. The gate structure
for the 2T memory cell comprises a memory gate structure
50 and a selection gate structure 60 disposed over a substrate
100. IN detail, an oxide layer 102 is disposed on the
substrate 100, in which a portion of the oxide layer 102
under the selection gate 120 is serving as a gate insulating
layer. For memory function, the oxide-nitride-oxide (ONO)
layer 104 under the control gate 106 is a charge storage layer
to store the data, in which a portion of the oxide layer 102
is also provided as a part of the ONO layer 104.

Additionally, the isolation structure 112 may be formed on
sidewall and a top of the control gate 106 for further
isolation. To have better isolation to the control gate 106, the
nitride spacers 108, 110 may be further formed on the
sidewalls. The further spacer 122 is formed to isolate the
memory cell on the control gate 106 and the selection gate
120.
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In this structure of 2T SONOS memory cell, the memory
gate structure 50 and the selection gate structure 60 are about
same height because a polishing process is involved in
forming the selection gate 120. The polishing process also
provides the planarization effect.

As looking into the structure above in FIG. 1, the memory
gate structure 50 and the selection gate structure 60 are
isolated by the nitride 108 and a side portion of the isolation
structure 112. The isolation effect at the region 130 is weak
as at least observed in the invention and a breakdown of the
memory cell would occur with higher possibility.

After looking into the issue in FIG. 1, the invention
provides a structure of memory device and method for
fabricating the memory device. As a result, the isolation
effect at the reason 130 may be effectively improved. The
possibility of breakdown for the memory cell may be at least
effectively reduced.

Several embodiments are provided to describe the inven-
tions and the invention is not just limited to the embodiments
as provided.

FIG. 2A to FIG. 2I are cross-sectional views, schemati-
cally illustrating the process flows for fabricating a memory
device, according to an embodiment of the invention.

Referring to FIG. 2A, a substrate 200 is provided as a
structure base. A charge storage layer 202 is formed on the
substrate 200. The charge storage layer 202 is used to store
the charges according to the operation voltages on the
memory cell. The charge storage layer 202 in an embodi-
ment may be an ONO layer, in which the charges may be
kept at the nitride layer thereof.

A polysilicon layer 204, serving as a memory gate layer
as latterly patterned, is disposed on the charge storage layer
202. The polysilicon layer 204 is formed at current stage but
would be patterned into the actual memory gate latter. A
dielectric layer 206 is formed on polysilicon layer 204. The
dielectric layer 206 in an embodiment may be tetracthox-
ysilane (TEOS) material. Another polysilicon layer 208
serving as a mask in an embodiment is formed on the
dielectric layer 206. The charge storage layer 202, the
polysilicon layer 204, the dielectric layer 206 and the
polysilicon layer 208 together can be referred as a stacked
layer 210, disposed on the substrate. The stacked layer 210
would be patterned into a memory fat structure.

Referring to FIG. 2B, the stacked layer 210 is patterned to
remove a portion of the stack layer 210. The remaining
portion of the stacked layer 210 structurally becomes
another stacked layer 212. Here as to the ONO layer for the
charge storage layer 202 in an example, the bottom oxide
layer 201 of the ONO layer 202 may be removed to actually
expose the substrate 200 or may remain on the substrate 200
without limitation to. In the embodiment, the bottom oxide
layer of the ONO layer remains on the substrate 200.

As noted in the embodiments above, the stacked layer 210
is patterned into the stacked layer 212 for two memory cells.
However, in another embodiment, the stack layer 210 may
be directly patterned into the actual width of the memory
gate structure as designed for a single cell. The invention is
not limited to the embodiments as provided.

Referring to FIG. 2C, an insulating layer 214, such as a
spacer, is formed on sidewalls of the stacked layer 212. The
insulating layer 214 may be a stake of oxide and nitride in
an embodiment. The insulating layer 214 is used to insulate
between the memory gate and the selection gate therebe-
tween as to be described. The insulating layer 214 would
merge with the dielectric layer 206 to enclose the polysilicon
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6

layer 204. The insulating layer 214 is also used to isolate
between the memory gate and the selection gate as to be
formed later.

Referring to FIG. 2D, another polysilicon layer 216 is
deposited over the substrate 200, in which the space between
the stacked layer 212 above the bottom oxide layer 201 is
also filled by the polysilicon layer 216. The polysilicon layer
216 is to be processed later into a selection gate. In this
stage, the polysilicon layer 216 merges with the polysilicon
layer 208 of the stacked layer 212.

Referring to FIG. 2E, a polishing process such as chemi-
cal mechanical polishing (CMP) process is performed to
mainly polish the polysilicon layers 216 and 208 and the
insulating layer 214. The polishing process stops at the
dielectric layer 206, in which a planarization effect is
achieved. After the polishing process, the remaining portion
of the polysilicon layer 216 at the current stage is isolated
form the polysilicon layer 204 by the insulation layer 214.
As noted, the polysilicon layer 216 is also referred as a
selection gate layer. The polysilicon layer 204 and the
polysilicon layer 216 serving as a preliminary selection gate
layer indicated.

Referring to FIG. 2F, in an embodiment, the dielectric
later 206 and the polysilicon layer 204 are patterned to
remove the middle region, so that the remaining portion of
the polysilicon layer 204 is the actual size to sever as a
memory gate located at two sides for two memory cells. The
width of the polysilicon layer 204 is satisfying a designed
range. At this stage, a memory gate structure 300, is basi-
cally formed by the remaining portion of the dielectric layer
206, the polysilicon layer 204, the charge storage layer 202,
which layers now change to the dielectric layer 2064, the
memory gate 204q, the charge storage layer 202a as com-
prised in a memory gate structure 300. As further noted, in
an embodiment, the bottom oxide layer 201 of the charge
storage layer 202 may still remain to cover the substrate 200
in the patterning process as an embodiment. However, the
bottom oxide layer 201 of the charge storage layer 202 may
be removed as well but formed later according to the actual
need. The insulating layer 214 at this stage is generally
referred as the insulation layer 302, which may include the
oxide layer and the nitride layer extending in a vertical
direction.

Referring to FIG. 2G, the polysilicon layer 216 is then
patterned into the selection gate 2164 with the actual size as
needed. The selection gate 2164 is next to the memory gate
204aq but isolated by the insulating layer 302. The remaining
portion of the of the polysilicon layer 216 is referred as the
polysilicon layer 216a. The selection gate structure 304
include the polysilicon layer 2164 and the gate insulating
layer 201a, which is a portion of the bottom oxide layer 201
in an example. Here, in an embodiment, the polysilicon layer
216 and the polysilicon layer 204 may be patterned in the
same patterning process, in an example.

At the current stage, the memory gate structure 300 and
the selection gate structure 304 are preliminarily formed.
The memory gate structure 300 and the selection gate
structure 304 are isolated by the insulating layer 302, in
which the insulating layer 302 is thin and the height of the
memory gate structure 300 and the selection gate structure
304 are about the same. The issue at the region 130
addressed in FIG. 1 would possibly occur, due to insufficient
isolation capability at top between the two gate structures.

Referring to FIG. 2H, in an embodiment, an etching mask
400 is provided to etch and form a shallow indent 306 in the
memory gate structure 300 and the selection gate structure
304 above the insulating layer 302.
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Referring to FIG. 21, in an embodiment, an isolation
structure 312 is formed into the shallow indent 306 as a
shallow indent isolation. The isolation structure 312 in an
embodiment may include a liner layer 308 on the sidewall
and the bottom of the shallow indent 306. Then another
dielectric layer 310 fully fills the shallow indent 306.

Further, a silicide layer 316 may be also formed on the
exposed surface of the polysilicon layer 216a of the selec-
tion gate structure 304. Further, an oxide spacer 314 may be
further formed on the sidewall of the 2T SONOS memory
cell. However, the invention is not limited to the embodi-
ments.

As noted, the isolation structure 312 is integrated with the
insulating layer 302 between the memory gate structure 300
and the selection gate structure 304 and at a top portion. The
isolation structure 312 provides an isolation distance
between the memory gate structure 300 and the selection
gate structure 304, so that the isolation capability may be
effectively improved. In an embodiment, the isolation struc-
ture 312 may have a width such as about 500 angstroms and
a depth such as about 200 angstroms. However, the size is
the limitation of the invention and may be adjusted accord-
ing to the actual sizes for the memory gate structure 450 and
the selection gate structure 460.

As to the mechanism of the isolation structure 312, the
isolation structure 312 may be formed in another manner for
another embodiment.

FIG. 3A to FIG. 3D are cross-sectional views, schemati-
cally illustrating the process flows for fabricating a memory
device, according to an embodiment of the invention.

Referring to FIG. 3A, in an embodiment, based on the
stack layer 210 in FIG. 2A, the preliminary memory gate
structures 550 are formed on the substrate 500, in which the
bottom oxide layer 501 is reserved on the substrate 500 in an
embodiment. The preliminary memory gate structures 550
includes an ONO layer 502, a polysilicon layer 504, a
dielectric layer 506 and a polysilicon layer 508. The ONO
layer 502 including a portion of the bottom oxide layer 501
is on the substrate 500. The polysilicon layer 504, serving as
a control gate later, is on the ONO layer 502. The dielectric
layer 506 is on the polysilicon layer 504 and the polysilicon
layer 508, serving as a mask layer during fabrication pro-
cess, is on the dielectric layer 506.

Referring to FIG. 3B, a first insulating layer 510 is formed
on the sidewall of the polysilicon layer 504 at the lower
portion, lower than the dielectric layer 506. A top portion of
the sidewall of the polysilicon layer 504 is exposed by the
first insulating layer 510.

Referring to FIG. 3C, a second insulating layer 512 is
further formed on the sidewall of the preliminary memory
gate structures 550. In an embodiment, the second insulating
layer 512 includes an oxide layer which may cover the first
insulating layer 510 and the top portion of the sidewall of the
polysilicon layer 504 as exposed by the first insulating layer
510 and also cover the other portion of the sidewall of the
preliminary memory gate structures 550. In addition, a
nitride layer may be additionally formed on the oxide layer.

As noted, the oxide layer of the second insulating layer
512 is formed by thermal oxidation process. In this manner,
the polysilicon material of the polysilicon layer 504 and
polysilicon layer 508 in contact with the dielectric layer 506
additionally oxidized to have the laterally oxidation portion,
entering into the polysilicon layer 504 at the top portion. The
laterally oxidation portion is referred as the isolation struc-
ture 514. The isolation structure 514 has the similar isolation
function to the isolation structure 312 in FIG. 2I. In this
embodiment, the isolation structure 514 laterally extends
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into polysilicon layer 504 and merges with the second
insulating layer 512. The detail is further described as
follows.

Referring FIG. 3D, similar to the process in FIG. 2D to
FIG. 21, a preliminary polysilicon layer may be deposed
over the substrate. Further, a polishing process is performed
on the preliminary polysilicon and the polysilicon layer 508
and stops ate the dielectric layer 506. Then, the preliminary
polysilicon layer is patterned into the polysilicon layer 518
abutting to the polysilicon layer 504. After polishing pro-
cess, the insulating layer 516 is formed to isolate the
polysilicon layer 518 abutting to the polysilicon layer 504.
The polysilicon layer 504 and the ONO layer 502 form a
memory gate structure 450, also referred as a first gate
structure. The polysilicon layer 518 and a portion of the
bottom oxide layer 501 form a selection gate structure 460,
also referred as a second gate structure.

As to the structure, the second insulating layer 512 merges
with the isolation structure 514 on the sidewall of the
memory gate structure 450. The second insulating layer 512
as viewed in structure may comprise the first portion 512a
covering the first insulating layer 510 and a second portion
5125 merges with the isolation structure 514 covering on the
peripheral top portion of the memory gate structure 450. The
isolation structure has the same mechanism to the isolation
structure 312 in FIG. 2I.

The subsequent fabrication processes, such as the forma-
tion of the spacer of the memory cell and also the source/
drain regions in an example may be performed but not
further described here.

The invention has proposed that the insulating layer 302,
516 is formed with the isolation structure 312, 514, so that
the isolation between the control gate and the selection gate
may be improved. The occurrence of breakdown in opera-
tion for the 2T SONOS memory cell may be reduced.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:
1. A method for fabricating memory device, comprising:
forming a cell structure on a substrate, wherein the cell
structure comprises a first gate structure and a second
gate structure disposed on a substrate and an insulating
layer in contact between the first gate structure and the
second gate structure, wherein the first gate structure
and the second gate structure are planarized and the
first gate structure is for storing charges;
patterning the first gate structure and the second gate
structure to have a shallow indent above the insulating
layer; and
forming an isolation structure in the shallow indent to
have a shallow indent isolation, wherein forming the
cell structure comprises:
forming an oxide layer on the substrate;
forming a first-stage first gate structure, having a charge
storage layer with a portion of the oxide layer on the
substrate, a first polysilicon layer on the charge
storage layer, a dielectric layer on the first polysili-
con layer, a second polysilicon layer on the dielectric
layer, and a sidewall insulating layer on a sidewall of
the first polysilicon layer, the dielectric layer and the
second polysilicon layer;
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forming a third polysilicon layer over the first-stage
first gate structure and the oxide layer on the sub-
strate;

polishing the third polysilicon layer, the sidewall insu-
lating layer and the second polysilicon layer until the
dielectric layer is exposed;

patterning the second polysilicon layer and the third
polysilicon layer to have the first gate structure and
the second gate structure, abutting to each other but
isolated by the sidewall insulating layer;

patterning the first gate structure, the sidewall insulat-
ing layer, and the second gate structure to have a
shallow indent above the sidewall insulating layer,
wherein the sidewall insulating layer becomes the
insulating layer in contact between the first gate
structure and the second gate structure; and

forming the shallow indent isolation in the shallow
indent.

2. The method for fabricating memory device as recited in
claim 1, wherein the step of forming the shallow indent
isolation comprises:

forming a liner layer on a sidewall and a bottom of the

shallow indent; and

forming a dielectric layer to further fill the shallow indent.

3. A method for fabricating memory device, comprising:

forming an oxide layer on the substrate;

forming a first-stage first gate structure on the substrate,

having a charge storage layer with a portion of the
oxide layer on the substrate, a first polysilicon layer on
the charge storage layer, a dielectric layer on the first
polysilicon layer, and a second polysilicon layer on the
dielectric layer;

forming a first insulating layer on a sidewall of the

first-stage first gate structure but lower than the dielec-
tric layer to expose a top side portion of the first
polysilicon layer;
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forming a second insulating layer on the sidewall of the
first-stage first gate structure, wherein an isolation
structure is also formed, laterally extending from the
second insulating layer into the first polysilicon layer at
the exposed top side portion;
forming a third polysilicon layer over the first-stage first
gate structure and the oxide layer on the substrate;

polishing the third polysilicon layer, the second insulating
layer and the second polysilicon layer until the dielec-
tric layer is exposed, wherein the first-stage first gate
structure becomes a first gate structure; and

patterning the third polysilicon layer to have a second gate
structure having the oxide layer on the substrate, adja-
cent to and isolated from the first gate structure by the
first insulating layer and the second insulating layer
with the isolation structure.

4. The method for fabricating memory device as recited in
claim 3, wherein the step for forming the second insulating
layer comprises:

performing a thermal oxidation process to form an oxide

layer on the sidewall of the first-stage first gate struc-
ture, wherein the exposed side portion of the first
polysilicon layer is also oxidized to have the isolation
structure.

5. The method for fabricating memory device as recited in
claim 4, the step for forming the second insulating layer
further comprises forming a nitride layer at a side portion in
contact with a sidewall of the second gate structure.

6. The method for fabricating memory device as recited in
claim 3, the charge storage layer comprises a structure of
oxide-nitride-oxide (ONO).

7. The method for fabricating memory device as recited in
claim 3, further comprising forming a silicide layer on a top
of the second gate structure.
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